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(57) Abstract 

Tympanic temperature measurements are ob- 
tained from the output of a thermopile (28) mounted 
in an extension (18) from a housing (14). The hous- 
ing has a temperature display (16) thereon and sup- 
ports the electronics for responding to sensed radia- 
tion. A disposable plastic sheet (42) taken from a 
tape of such sheets stretches over the end of the ex- 
tension between side posts (52, 54). The thermopile is 
mounted in a highly conductive thermal mass (34, 
36) which includes a waveguide tube (32). A low con- 
ductivity gaseous environment surrounding the 
thermopile (28) extends through the tube (32), The 
electronics include an EEPROM 100 in which both 
calibration and characterization information may be 
stored during a calibration procedure through an 
optical coupling (104). A capacitor (CI) and transis- 
tor (Tl) associated with a switch (22) form a simple 
watchdog circuit. 



12 




FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the ftont pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


ES 


Spain 


MG 


Madagascar 


AU 


Australia 


EI 


F&ifand 


ML 


Mafi 


BB 


Barbados 


FR 


France 


MR 


MautiUnia 


BE 


Befgaim 


GA 


Gabon 


MW 


Mabwi 


BF 


Burkina Fasso 


GB 


United Kin^dam 


NL 


Netherlands 


BG 


Bulgaria 


HU 


Hungaiy 


NO 


Norway 


BJ 


Beoia 


rr 


Italy 


RO 


Romania 


BR 


Brazil 


JP 


Japan 


SD 


Sudan 


CA 




KP 


Democntic People's Reputdie 


SE 


Sweden 


CF 


Centnd Afiican Republic 




of Korea 


SN 


Senegal 


CG 


Congo 


KR 


Republic of Korea 


Sir 


Soviet Union 


CH 


Switzerbnd 


U 


Uediteostein 


TO 


Chad 


CM 


CamerooD 


IX 


Sii Lanka 


TG 


Togo 


UE, 


Gennany, Federal Repufa&of 


W 




US 


United Sutes of America 


DK 


Denmuk 


MC 


Monaoo 







wo 90/06090 



PCr/US89/05504 



-1- 

RADIATION DETECTOR SUITABLE FOR TYMPANIC 
TEMPERATURE MEASUREMENT 

The most common way of measuring a patient's 
temperature is by use of a sublingual thermometer, 
5 that is, one placed under the tongue. Such 

thermometers have suffered several disadvantages. 
Accuracy of a reading depends on the mouth remaining 
closed and the thermometer being properly positioned 
under the tongue. Drinking liquids or breathing 

10 through the mouth prior to taking a measurement can 
affect the reading. Further, the mouth is a source 
of mucous which presents a significant risk of 
cross-contamination. Also, the cost per reading of 
such instruments has typically been high. 

15 One type of sublingual thermometer is the 

common mercury thermometer. Such thermometers have 
the disadvantage of taking a considerable amount of 
time to reach a steady state temperature in order to 
provide an accurate reading. Further, they are 

20 easily broken, require sterilization, and are 
difficult to read. 

As an alternative to the mercury thermometer, 
disposable liquid crystal thermometers are often 
favored. As a disposable item, the sterilization 

25 requirement is eliminated, but the cost per reading 
is high. 

To decrease the time required to obtain a 
patient's temperature, electronic thermometers have 
been developed. Such thermometers typically include 
30 a thermistor which may be positioned in a disposable 
cover. Although the thermometers do not reach a 
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steady state temperature during their measurement 
time of 15 to 30 seconds^ through electronic 
interpolation a steady state temperature may be 
estimated from the temperature readings throughout 
5 the 15 to 30 seconds. The thermometers are often 
cumbersome^ and as with other sublingual 
th^ermometers the temperature readings may be 
unreliable in certain circumstances^ especially when 
the probe is not precisely placed under the tongue, 

10 Another electronic temperature device is a 

tympanic temperature measurement device. Such 
devices rely on a measurement of the temperature of 
the tympanic membrane area in the ear by detection 
of infrared radiation. The tympanic membrane area 

15 is often considered to be more representative of a 
patient's core temperature^ and infrared temperature 
measurements using a thermopile are extremely rapid. 
Disposable sleeves may be placed over the radiation 
detector. A commercial tympanic temperature 

20 measurement device is illustrated in U.S. Patent No. 
4,602,642 to O'Hara et al. As suggested in that 
patent, the infrared detection approach does present 
demands on the instrumentation to avoid inaccuracies 
due to ambient temperature and spurious heat flux to 

25 the thermopile. 

Summary of the Invention 

The present invention relates to various 
features of a radiation detector which make the 

detector particularly suited to tympanic temperature * 
30 measurements without certain deficiencies of prior 

tympanic temperature detectors. For example, the * 
O'Hara et al. system relies on heating of the 
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radiation probe to a precise temperature to maintain 
calibration of the device during a test. As a 
result, the instrument is not usable where the 
ambient temperature exceeds that precise 
5 temperature. Also, to assure proper calibration for 
each test, the O'Hara et al. system uses a light 
chopper-type of calibration unit having a target 
heated to approximately 98 *F. Before each test, the 
thermopile in the probe is calibrated as it views 

10 the chopper unit target. Once removed from the 
chopper, the temperature reading must be obtained 
promptly because the probe will cool after removal 
from the unit and thus introduce errors. This 
requirement for calibration in the chopper unit 

15 prior to each temperature reading imposes a rigid 
protocol on the user which is more cumbersome than 
that of electronic thermometers. Further, the 
requirement for heating the target and the probe 
adds bulk and weight to the system. The present 

20 invention provides for a radiation detector which is 
at all times properly calibrated without heating of 
the thermopile and without a chopper calibration 
unit. As a result, the instrument is less 
cumbersome, uses less power and provides quicker 

25 readings without having to follow an extensive 
protocol . 

In accordance with one aspect of the present 
invention, a thermopile is mounted within a thermal 
mass and has a junction thermally coupled to the 
30 thermal mass. A thermally conductive, reflective 
tube is coupled to the thermal mass for guiding 
radiation to the thermopile from an external target. 
A thermal barrier surrounds the thermal mass and 
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tube. The temperature of the thermal mass, and thus 
of the thermopile cold junction, is allowed to float 
with ambient. A temperature measurement of the 
thermal mass is made to compensate the thermopile 
5 output. 

Temperature differences between the tube and 
thermopile cold junction would lead to inaccurate 
readings. To avoid those differences, the large 
thermal mass minimizes temperature changes from heat 

10 which passes through the thermal barrier,, and good 
conductivity within the mass increases conductance 
and minimizes temperature gradients. The outer 
thermal RC time constant for thermal conduction 
through the thermal barrier to the thermal mass and 

15 tube is at least two, and preferably at least three, 
orders of magnitude greater than the inner thermal 
RC time constant for the temperature response of the 
cold junction to heat transferred to the tube and 
thermal mass. For prompt readings, the inner RC 

20 time constant should be about 1/2 second or less. 

Preferably, the thermopile is mounted to a film 
suspended within a ring. The ring is supported on 
electrically conductive pins extended through an 
adjacent ring to the side of the film on which the 

25 thermopile is mounted. The film is spaced from the 
adjacent rin.g, and the rings and thermopile are 
surrounded by a low conductivity gaseous volume. 
Preferably, the low conductivity gaseous volume 
extends through the length of the conductive tube. 

30 The space between the film and the adjacent ring 
through which the conductors extend is filled with 
thermally conductive material. 
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The thermopile may be mounted in a can which 
encloses the low conductivity gaseous volume. The 
thermal mass may comprise an annular member which 
surrounds the can and a length of the tube adjacent 
5 to the can. The annular member is tapered about its 
outer periphery toward the tube. A conductive plug 
is positioned behind the can within the annular 
member. The can^ tube, annular member and plug are 
bonded together by high thermal conductivity 

10 material such as solder, epoxy, or powdered metal to 
obtain a continuous low resistance path from the end 
of the tube to the cold junction of the thermopile. 
Alternatively, the parts may be press fit together 
to provide the high conductance bond. The thermal 

15 barrier comprises a sleeve spaced from the thermal 
mass and tube. The sleeve is tapered toward the end 
of the tube away from the can. 

Preferably, a probe extension which supports 
the radiation sensor extends from a housing which 

20 displays the tympanic temperature. This housing 

supports battery powered electronics for converting 
radiation sensed by the sensor to tympanic 
temperature displayed by the display. The entire 
instrument may be housed in a single hand-held 

25 package because a chopper calibration unit is not 
required. The small additional weight of the 
electronics in the hand-held unit is acceptable 
because readings can be made quickly. The readings 
can be made in less than five seconds, and 

30 preferably in less than two seconds. 

Preferably, the probe extension extends about 
orthogonally from an intermediate extension which 
extends at an angle of about 15' from an end of the 
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housing. The surface of the extension curves 
outwardly along its length from its distal end 
following a curve similar to that of an otoscope. A 
sanitary cover in the form of a removeable plastic 
5 sheet may be stretched over the end of the probe. 
The sheet may be retained on the probe by posts on 
the sides of the probe over which holes in the sheet 
are positioned. 

Many of the sheets can be formed in a tape of 

10 transparent^ flexible membrane segmented into 

individual covers by frangible lengths across the 
tape. The holes adapted to retain the sheet across 
the probe are formed to each side of each frangible 
length. Reinforcement tape may be positioned on the 

15 tape, and the frangible lengths may be formed as by 
perforations through the reinforcement tapes . In 
the present application, the membrane must be 
transparent to infrared radiation. The covers may 
be adapted to other measuring instruments by using 

20 membranes which are transparent, for example, to 

visual light, sound or the like. Polyethylene sheet 
is preferred for infrared measurements. 

The electronics may include an optical signal 
detector for receiving a digital input, and an 

25 electrically erasable programmable read only memory 
(EEPROM) , A processor is programmed to respond to 
input from the optical signal detector to store 
information in the EEPROM and to use the stored 
information to respond to radiation and to drive the 

30 display. The processor may also be programmed to 
operate in a communications mode in which it 
transfers information to an external optical signal 
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detector by modulation of the display. Communi- 
cations may be with an external computer through a 
boot which fits over the display during calibration. 
The information stored in the EEPROM may 
5 include calibration information. It may also 

establish a range and incremental response of the 
display to sensed radiation and other information 
which characterizes the personality of a particular 
unit. For example, the information stored in the 

10 EEPROM may determine whether the display is in 
degrees Fahrenheit or degrees centigrade. That 
information may be controlled by a switch to which 
the processor responds. The system may include a 
sound source, and the stored information may 

15 determine the timing at which the sound source is 
activated- For example, the stored information may 
cause the display to be locked to a reading a 
predetermined time after the radiation detector is 
turned on, and the stored information may cause the 

20 sound source to be activated when the display is 

locked. Similarly, the stored information may cause 
the radiation detector to be turned off after a 
predetermined time and cause the sound source to be 
activated as the radiation detector is turned off. 

25 Alternatively, the stored information may cause the 
display to indicate the peak radiation sensed during 
a period of time and may cause the sound source to 
be activated when radiation sensed by the sensor 
approximates the peak. 

30 The information stored in the EEPROM may cause 

a conversion from sensed tympanic temperature to a 
temperature which approximates oral and/or core 
temperature and which is displayed. The processor 
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may also perform conversions based on linear 
approximations, and the stored information may 
establish the end points and slopes of the linear 
approxiittations . For example, a linear approximation 
5 may be used to determine ambient temperature from a 
thermistor output or to determine target temperature 
from a thermistor output and a thermopile output. 

The electronics support a simple watchdog 
operation associated with the on switch to the unit. 

10 An active device is turned on by the switch to apply 
power to the electronics. A capacitor stores, for a 
limited time, a charge which holds the active device 
after release of the switch. The processor is 
programmed to periodically charge the capacitor 

15 after power is applied through the active device. 

Failure of the processor to follow a program routine 
results in discharge of the capacitor and turning 
off of the active device on the radiation detector. 
The switch may also be coupled directly to the 

20 processor so that the processor may respond to 

actuation of the switch after the radiation detector 
is turned on for other functions. 

Brief Description of the Drawing's 

The foregoing and other objects, features and 

25 advantages of the invention will be apparent from 
the following more particular description of 
prief erred embodiments of the invention, as 
illustrated in the accompanying drawings in which 
like reference characters refer to the same parts 

30 throughout the different views. The drawings are 
not necessarily to scale, emphasis instead being 
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placed upon illustrating the principles of the 
invention. 

Fig. 1 illustrates a radiation detector for 
tympanic temperature measurements in accordance with 
5 the present invention. 

Fig- 2A is an illustration of a disposable 
sheet for covering a probe of the detector of 
Fig. 1; Fig. 2B is an illustration of a tape of the 
disposable sheets of Fig. 2A; Fig. 2C is a 
10 perspective view of a carton containing a stack of 
the sheets formed by a z fold of the tape of Fig. 
2B; and Fig. 2D is an illustration of a roll of such 
sheets . 

Fig. 3A is a side illustration of the sheet of 
15 Fig. 2A pulled over the probe of the radiation 
detector of Fig. 1; and Fig. 3B is a view of the 
sheet over the probe as viewed from line B-B of Fig. 
3A. 

Fig. 4 is a cross-sectional view of the 
20 extensions of the detector of Fig. 1 in which the 
thermopile radiation sensor is positioned. 

Fig. 5 is a cross-sectional view of the 
thermopile assembly of Fig. 4. 

Fig. 6 is a block diagram of the electronic 
25 circuit of the detector of Fig. 1. 

Fig. 7 illustrates a boot positioned on the 
detector of Fig. 1 during a calibration procedure. 

Figs. 8A-8D are flow charts of the system 
firmware. 



30 



Description of a Preferred Embodiment 

The radiation detector 12 of Fig. 1 includes a 
flat housing 14 with a digital display 16 for 
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displaying a tympanic temperature measurement. 
Although the display may be located anywhere on the 
housing, it is preferred that it be positioned on 
the end so the user is not inclined to watch it 
5 during a measurement. The instrument makes an 
accurate measurement when rotated to scan the ear 
canals and the user should concentrate on only the 
scanning motion. Then the display can be read. A 
thermopile radiation sensor is supported within a 

10 probe 18 at the opposite end of the housing 14. The 
extension 18 extends orthogonally from an 
intermediate extension 20 which extends at an angle 
of about 15 degrees from the housing 14. As such, 
the head of the detector^ including the extension 18 

15 and 20, has the appearance of a conventional 

otoscope. An on/off switch 22 is positioned on the 
housing . 

A cross-sectional view of the extension of the 
detector is illustrated in Pig. 4, A base portion 

20 22 is positioned within the housing 14 r and the 
housing clamps about a groove 24, As noted, the 
portion 20 extends at about a 15 degree angle from 
the housing and thus from the base portion 22. The 
extension 18 is tapered toward its distal end at 2 6 

25 so that it may be comfortably positoned in the ear 
to view the tympanic membrane and/or ear canal. 

A preferred disposable element to be used over 
the extension 18 is illustrated in Fig. 2A. It is a 
flat sheet 42 of one-half mil stretchable plastic 

30 such as polyethylene which is transparent to 
infrared . Reinforcement sheets 44 and 46 are 
provided at each end of the plastic sheet, and holes 
48 and 50 are provided in the reinforced regions. 
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The flat sheet may be stretched over the distal end 
of the extension 18 and pressed over retainers such 
as pins 52 and 54 protruding from the sides of the 
extension 18 as illustrated in Fig. 3A and 3B. 
5 Alternatively, a material to which polyethylene 
adheres may be provided on the probe to retain the 
sheet. Although the flat sheet does not provide a 
close fit to the sides over the full length of the 
extension 18, it is sufficiently stretchable to form 

10 a neat fit at the end of the extension and is 

sufficiently flexible that it bends and causes no 
discomfort to the patient when the extension is 
seated in the ear. 

The reinforcement sheets 44 and 4 6 serve as 

15 tabs which extend beyond the probe. Those tabs can 
be readily grasped for positioning the sheet on the 
probe and removing the sheet from the probe. 
Although the disposable cover could be formed 
without the reinforcement sheets, the stiff er 

20 reinforcement sheets make the disposable cover much 
easier to handle. 

The diameter of the end of the probe is about 
3/8 inch, and the sheet 42 is about two inches wide 
so that it folds over the probe end when stretched. 

25 The distance between the holes is about 4% inches 

and that distance requires about 1/8 inch stretching 
of the sheet to secure it on the probe. 

The edge at the end of the probe is rounded so 
that when the probe is inserted into the ear it can 

30 be rotated somewhat without discomfort to the 

patient. The probe is also curved like an otoscope 
to avoid interference with the ear. By thus 
rotating the probe, the ear canal is scanned and, at 



some orientation of the probe during that scan, one 
can he assured that the maximuin temperature is 
viewed. Since the ear canal cavity leading to the 
tympanic area is the area of highest temperature, 
the instrument is set in a peak detection mode, and 
the peak detected during the scan is taken as the 
tympanic temperature. 

An infrared reading of tympanic temperature, as 
opposed to an electronic thermometer reading of oral 
temperature, allows for a very inexpensive 
disposable. The disposable need not be sufficiently 
rugged to prevent cutting by teeth and the resultant 
contamination as is the case with an oral 
thermometer , 

Preferably, individual sheets are torn from a 
tape of sheets illustrated in Pig. 2B. Sheets are 
formed from a continuous tape of polyethylene. 
Adhesive tape is placed periodically along the tape 
to provide reinforcements. The tape is stamped to 
provide the levels at the ends of each sheet and to 
provide the holes 48 and 50. The reinforcement tape 
and polyethylene may be perforated at 55 to 
facilitate tearing of individual sheets from the 
tape. 

As illustrated in Fig. 2C, the tape may be 
folded in a z-fold fashion to form a stack of the 
disposable sheets packaged in a carton 57. As each 
cover is torn off, another appears. Alternatively, 
the tape may be provided in a roll as illustrated in 
Fig. 2D. The roll may also be placed in a carton. 
In either case, the carton may be provided with 
adhesive so that it can be mounted to the side of 
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the housing 14 in an approach like that used with 
electronic thermometers . 

As illustrated in Fig. 4, a thermopile 28 is 
positioned within a can 30 to view the infrared 
5 radiation in the ear canal through a tube 32 , Both 
the base can 30 and the tube 32 are in close thermal 
contact with a conductive thermal mass including an 
annular member 34 and a plug 36 of copper. The 
outer sleeve 38 of the extension 18 and the 

10 intermediate extension 20 are of plastic material of 
low thermal conductivity. The sleeve 38 is separated 
from the thermal mass 3 4 by an insulating air space 
40. The taper of the thermal mass 34 permits the 
insulating space to the end of the extension while 

15 minimizing the thermal resistance from the end of 

the tube 32 to the thermopile, a parameter discussed 
in detail below. The inner surface of the plastic 
sleeve 38 may b^ coated with a good thermal 
conductor to distribute across the entire sleeve any 

20 heat received from contact with the ear. Twenty 
mils of copper coating would be suitable. 

Details of the thermopile assembly within the 
can 30 are illustrated in Fig. 5. The tube 32 and 
can cylinder 30 are soldered together to form an 

25 integral unit in which a gaseous medium of low 

thermal conductivity such as xenon fills the tube 
and cylinder 30 and surrounds a thermopile flake 28. 
The tube is closed by a germanium window 57. The 
interior of the tube is plated with gold to improve 

30 its reflectance to better guide radiation to the 
flake . 

An alternative to forming the tube 32 and can 
30 as a single unit would be to use a conventional 
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thermopile assembly with a windovr on the can and to 
position the waveguide tube in front of the scan. 
However, to prevent contamination of the inner walls 
of the tube, a rigid window should be placed at the ' 
5 distal end of the tube. Two windows would diminish 
the radiation signal received by the thermopile. 

The thermopile is mounted to the rear surface 
of a polyester sheet 58 (sold under the trademark 
Mylar) supported on the. rear surface of a beryllium 

10 oxide ring 60. Contact to the thermopile is made 
through pins 62 and 64 which extend through a stack 
of beryllium oxide rings 66. Beryllium oxide is 
used because it is an electrical insulator yet a 
good thermal conductor. A case conductor 68 

15 contacts the casing. Connection to the thermopile 
is by a conductive film printed on the sheet 58* To 
prevent abrasion of that film, the ring 60 is 
usually spaced slightly from the adjacent ring 66. 
As noted below, good thermal conduction is important 

20 in implementing the present invention, and it was 
found that the xenon gas filling the gap 
significantly reduced the conduction to the cold 
junction of the thermopile. In accordance with one 
feature of the present invention, that space 70 is 

25 filled with a conductive material. It is preferable 
that the material be filled with an epoxy of good 
thermal conductivity, but virtually any material 
offers a substantial improvement over the lack of 
conduction through the xenon. 

30 One of the design goals of the device was that « 

it always be in proper calibration without requiring 
a warm-up time. This precluded the use a heated - 
target in a chopper unit or heating of the cold 
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junction of the thermopile as was suggested in the 
above-mentioned O'Hara et al. patent. To accomplish 
this design goal^ it is necessary that the system be 
able to operate with the thermopile at any of a wide 
5 range of ambient temperatures and that the 

thermopile output have very low sensitivity to any 
thermal perturbations . 

The output of the thermopile is a function of 
the difference in temperature between its warm 

10 junction, heated by radiation, and its cold junction 
which is in close thermal contact with the can 30. 
In order that the hot junction respond only to 
radiation viewed through the window 57, it is 
important that the tube 32 be, throughout a 

15 measurement, at the same temperature as the cold 
junction. To that end, changes in temperature in 
the tube 32 must be held to a minimum, and any such 
changes should be distributed rapidly to the cold 
junction to avoid any thermal gradients. To 

20 minimize temperature changes, the tube 32 and the 
can 30 are, of course, well insulated by means of 
the volume of air 40. Further, a high conductance 
thermal path is provided to the cold junction. The 
tube 32 and can 30 are in close thermal 

25 communication with the thermal masses 34 and 36^ and 
the high conductivity and thickness of the thermal 
masses increase the thermal conductance. A high 
thermal conductivity epoxy, solder or the like joins 
the tube, can and thermal masses. The solder or 

30 epoxy provides a significant reduction in thermal 
resistance. Where solder is used, to avoid damage 
to the thermopile which is rated to temperatures of 
125 'C, a low temperature solder of indium-tin alloy 
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which flows at 100 *C is allowed to flow into the 
annular mass 34 to provide good thermal coupling 
between all elements , 

The thermal resistance from the outer surface 
5 of the plastic sleeve 38 to the conductive thermal 
mass is high to minimize thermal perturbations to 
the inner thermal mass. To minimize changes in 
temperature of the tube 32 with any heat transfer to 
the tube which does occur, the thermal mass of the 
10 tube 32, can 30, annular mass 34 and plug 36 should 
be large. To minimize thermal gradients where there 
is some temperature change in the tube during 
measurement, the thermal resistance between any two 
points of the thermal mass should be low, 
15 Thus, due to the large time constant of the 

thermal barrier, any external thermal disturbances, 
such as when the extension contacts skin, only reach 
the conductive thermal mass at extremely low levels 
. during a measurement period of a few seconds; due to 
20 t:he large thermal mass of the material in contact 
with the cold junction, any such heat transfer only 
causes small changes in temperature; and due to the 
good thermal conductance throughout the thermal 
mass, any changes in temperature are distributed 
25 quickly and are reflected in the cold junction 
temperature quickly so that they do not affect 
temperature readings. 

The thermal RC time constant for thermal 
conduction through the thermal barrier to the 
30 thermal mass and tube should be at least two orders 
of magnitude greater than the thermal RC time 
constant for the temperature response of the cold 
junction to heat transferred to the tube and thermal 
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mass. The RC time constant for conduction through 
the thermal barrier is made large by the large 
thermal resistance through the thermal barrier and 
by the large thermal capacitance of the thermal 
5 mass. The RC time constant for response of the cold 
junction is made low by the low resistance path to 
the cold junction through the highly conductive 
copper tube, can and thermal mass, and the low 
thermal capacitance of the stack of beryllium oxide 

10 rings and pin conductors to the thermopile. 

Although the cold junction capacitance is 
naturally low, there are size constraints in 
optimizing the thermal capacitance of the thermal 
mass^ the thermal resistance through the thermal 

15 barrier and the internal thermal resistance. 

Specifically, the external thermal resistance can be 
increased by increased radial dimensions, the 
capacitance of the thermal mass can be increased by 
increasing its size, and the thermal resistance 

20 through the longitudinal thermal path through the 
tube can be decreased by increasing its size. On 
the other hand, the size must be limited to permit 
the extension to be readily positioned and 
manipulated within the ear. 

25 Besides the transfer of heat from the 

environment, another significant heat flow path to 
the conductive thermal mass is through leads to the 
system. To minimize heat transfer through that 
path, the leads are kept to small diameters. 

30 Further, they are embedded in the plug 36 through 
bores 70; thus, any heat brought into the system 
through those leads is quickly distributed 
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throughout the thermal mass, and only small changes 
in temperature and small gradients result - 

Because the temperature of the thermal mass is 
not controlled, and the response of the thermopile 
5 28 is a function of its cold junction temperature, 
the cold junction temperature must be monitored. To 
that end, a thermistor is positioned at the end of a 
central bore 72 in the plug 36. 

A schematic illustration of the electronics in 

10 the housing 14 r for providing a temperature readout 
on display 16 in response to the signal from the 
thermopile^ is presented in Fig. 6. The system is 
based on a microprocessor 73 which processes 
software routines included in read only memory 

15 within the processor chip. The processor may be a 
6805 processor sold by Motorola. 

The voltage generated across the thermopile 28 
due to a temperature differential between the hot 
and cold junctions is amplified in an operational 

20 amplifier 74 • The analog output from the amplifier 
74 is ^ applied as one input to a multiplexer 76. 
Another input to the multiplexer 76 is a voltage 
taken from a voltage divider Rl , R2 which is 
indicative of the potential V+ from the power supply 

25 78. A third input to the multiplexer 76 is the 
potential across a thermistor RTl mounted in the 
bore 72 of block 36. The thermistor RTl is coupled 
in a voltage divider circuit with R3 across a 
reference potential VRef . The final input to the 

30 multiplexer is a potential taken from a 

potentiometer R4 which may be adjusted by a user. 
The system may be programmed to respond to that 
input in any of a number of ways. In particular. 
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the potentiometer may be used as a gain control or 
as a DC offset control. 

At any time during the software routine of the 
microprocessor 73, one of the four inputs may be 
5 selected by the select lines 78, The selected 

analog signal is applied to a multiple slope analog 
system 80 used by the microprocessor in an 
integrating analog- to-digital conversion 80. The 
subsystem 80 may be a TSC500A sold by Teledyne. It 

10 utilizes the reference voltage VRef from a reference 
source 82, The microprocessor 73 responds to the 
output from the converter 80 to generate a count 
indicative of the analog input to the converter. 
The microprocessor drives four 7-segment LED 

15 displays 82 in a multiplexed fashion. Individual 
displays are selected sequentially through a column 
driver 84, and within each selected display the 
seven segments are controlled through segment 
drivers 86. 

20 When the switch 22 on the housing is pressed, 

it closes the circuit from the battery 78 through 
resistors R5 and R6 and diode Dl to ground. The 
capacitor CI is quickly charged, and field effect 
transistor Tl is turned on. Through transistor Tl, 

25 the V+ potential from the storage cell 78 is applied 
to a voltage regulator 86. The regulator 86 
provides the regulated +5 volts to the system. It 
also provides a reset signal to the microprocessor. 
The reset signal is low until the +5 volt reference 

30 is available and thus holds the microprocessor in a 
reset state. When the +5 volts is available, the 
reset signal goes high, and the microprocessor 
begins its programmed routine. 
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When the swi-tch 22 is released, it opens its 
circuit, but a charge is maintained on capacitor CI 
to keep transistor Tl on. Thus, the system 
continues to operate. However, the capacitor CI and 
transistor Tl provide a very simple watchdog 
circuit. Periodically^ the microprocessor applies a 
signal through driver 84 to the capacitor CI to 
recharge the capacitor and thus keep the transistor 
Tl on. If the microprocessor should fail to 
continue its programmed routine^ it fails to charge 
the capacitor CI within a predetermined time during 
which the charge on CI leaks to a level at which 
transistor Tl turns off. Thus, the microprocessor 
must continue in its programmed routine or the 
system shuts down. This prevents spurious readings 
when the processor is not operating properly. 

With transistor Tl on, the switch 22 can be 
used as an input through diode D2 to the 
microprocessor to initiate any programmed action of 
the processor. 

In addition to the display,, the system has a 
sound output 90 which is driven through the driver 
84 by the microprocessor. 

In order to provide an analog output from the 
detector, a digital-to-analog converter 92 is 
provided. When selected by line 94, the converter 
converts serial data on line 96 to an analog output 
made available to a user. 

In accordance with one aspect of the present 
invention, both calibration and characterization 
data required for processing by the microprocessor 
may be stored in an electrically erasable 
programmable read only memory (EEPROM) 100 . The 



EEPROM may, for example, be a 93c46 sold by 
International CMOS Technologies, Inc. The data may 
be stored in the EEPROM by the microprocessor when 
the EEPROM is selected by line 102. Once stored in 
the EEPROM, the data is retained even after power 
down. Thus, though electrically programmable, once 
programmed the EEPROM serves as a virtually 
nonvolatile memory. 

Prior to shipment, the EEPROM may be programmed 
through the microprocessor to store calibration data 
for calibrating the thermistor and thermopile. 
Further, characterization data which defines the 
personality of the infrared detector may be stored. 
For example, the same electronics hardware, 
including the microprocessor 73 and its internal 
program, may be used for a tympanic temperature 
detector in which the output is accurate in the 
target temperature range of about 60 *F to a 110*F or 
it may be used as an industrial detector in which 
the target temperature range would be from about O'F 
to 100 *F. Further, different modes of operation may 
be programmed into the system. For example, several 
different uses of the sound source 90 are available. 

Proper calibration of the detector is readily 
determined and the EEPROM is readily programmed by 
means of an optical communication link which 
includes a transistor T2 associated with the 
display. As illustrated in Fig. 7, a communication 
boot 104 may be placed over the end of the detector 
during a calibration/characterization procedure. A 
photodiode in the boot generates a digitally encoded 
optical signal which is filtered and applied to the 
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detector T2 to provide an input to the micro- 
processor 73. In a reverse direction, the 
microprocessor, may communicate optically to a 
detector in the boot by flashing specific segments 
of the digital display 82. Through that 
communication link, an outside computer 106 can 
monitor the outputs from the thermistor and 
thermopile and perform a calibration of the devices. 
A unit to be calibrated is pointed at each of two 
black body radiation sources while the 
microprocessor 73 converts the signals and sends the 
values to the external computer. The computer is 
provided with the actual black body temperatures and 
ambient temperature in the controlled environment of 
the detector, computes calibration variables and 
returns those variable to be stored in the detector 
EEFROM. Similarly data which characterizes a 
particular radiation detector may be communicated to 
the microprocessor for storage in the EEPROM. 

A switch 108 is positioned behind a hole 110 
CFig. 1) in the radiation detector so that it may be 
actuated by a rigid metal wire or pin. Through that 
switch, the user may control some specific mode of 
operation such as converting the detector from 
degrees Fahrenheit to degrees centigrade. That mode 
of operation may be stored by the microprocessor 73 
in the EEPROK so that the detector continues to 
operate in a specific mode until a change is 
indicated by closing the switch 108. 

A switch 106 may be provided either internally 
or through the housing to the user to set a mode of 
operation of the detector. By positioning the 
switch at either the lock position, the scan 
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position or a neutral position, any of three modes 
may be selected. The first mode is the normal scan 
mode where the display is updated continuously. A 
second mode is a lock mode where the display locks 
5 after a selectable delay and then remains frozen 
until power is cycled or, optionally, the power-on 
button is pushed. The sound source may be caused to 
sound at the time of lock. The third mode is the 
peak mode where the display reads the maximum value 

10 found since power-on until power is cycled or, 
optionally / the power-on button is pushed. 

The processor determines when the voltage from 
the divider Rl, R2 drops below each of two 
thresholds. Below the higher threshold, the 

15 processor periodically enables the sound source to 
indicate that the battery is low and should be 
replaced but allows continued readout from the 
display. Below' the lower threshold, the processor 
determines that any output would be unreliable and 

20 no longer displays temperature readings. The unit 
would then shut down upon release of the power 
button. 

To provide a temperature readout, the 

microprocessor makes the following computations: 
25 First the signal from thermistor RTl is converted to 

temperature using a linear approximation. 

Temperature is defined by a set of linear equations 

y ^ M(x - xo) + b 

where x is an input and xo is an input end point of 
30 a straight line approximation. The values of M, xo 

and b are stored in the EEPROM after calibration. 

Thus , to obtain a temperature reading from the 

thermistor, the microprocessor determines from the 
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vaiues of xo the line segment in which the 
temperature falls and then performs the computation 
for y based on the variables M and b stored in the 
EEPROM. 

A fourth power representation of the ambient 
temperature is then obtained by a lookup table in 
the processor ROM. The sensed radiation may be 
corrected using a calibration factor, a sensor gain 
temperature coefficient, the detected ambient 
temperature and a calibration temperature stored in 
the EEPROM. The corrected radiation signal and the 
fourth power of the ambient temperature are summed, 
and the fourth root is taken. The fourth root 
calculation is also based on a linear approximation 
which is selected according to the temperature range 
of interest for a particular unit. Again, the break 
points and coefficients for each linear 
approximation are stored in the EEPROM and are 
selected as required. To the thus computed target 
temperature is added an adjustment factor which may, 
for example^ allow for a reading which closely 
corresponds to oral and/or core temperature based on 
the knowledge of the relationship of oral and/or 
core temperature to tympanic temperature. Also 
added to the calculated temperature is a user tweak 
obtained from resistor R4. 

An additional factor based on ambient 
temperature may also be included as an adjustment . 
The temperature of the ear T^ which is sensed by the 
thermopile is not actually the core temperature T 

c 

There is therirtal resistance between T and T . 

c e 

Further, there is thermal resistance between the 
sensed ear temperature and the ambient temperature. 
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The result is a sense temperature which is a 

function of the core temperature of interest and the 

ambient temperature. Based on an assumed constant c 

which is a measure of the thermal resistances 

between T , T and T , core temperature can be 
c e a 

computed as 



T - cT 
e a 



(1-c) 



This computation can account for a difference of 
from one-half to one degree between core temperature 
10 and sensed ear temperature, depending on ambient 
temperature . 

The actual computations performed by the 
processor are as follows, where: 



H is the radiation sensor signal 

15 He is corrected H (deg K^) 

Tamb is ambient temperature (deg F) 

4 

Taf is 4th power of Tamb (deg K ) 

Tt is target temperature (deg F) 

Tz is ambient temp during cal (deg F) 

20 Td is the displayed temperature 

Rt is the thermistor signal 

Kh is a radiation sensor gain cal factor 

Zt is a thermistor zero cal factor 

Kt is a sensor gain temperature 

25 coefficient (%/deg F) 

s is the Stef an-Boltzmann constant 

F is an adjustment factor 

Ut is a user tweak 
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Tamb(deg F) = Thermistor lookup table (Rt) - Zt 

Hc(deg k"^ ) = Kk * H * C 1 + Kt * (Tamb - Tz))/s 
4 

Taf (deg K ) = 4t:h power lookup table (Tamb) 
TtCdeg F) = (He + Taf 3*^ (Final lookup table) 
5 Tt(deg C) = (5/9) * (Tf (deg F) - 32) optional 

Td = Tt + F + Ut 

The following is a list of the information 
which may be contained in the EEPROM and therefore 
be progranunable at the time of calibration; 

10 Radiation sensor offset 

Radiation sensor gain 

Radiation sensor temperature coefficient 
Thermistor offset 

Ambient: temperature at calibration 
15 Thermistor lookup table 

Final temperature lookup table 
Adjustment factor F 
Sound source functions: 

Beep at button push in lock mode 
20 none/20/4G/80 milliseconds long 

Beep at lock 

none/20/40/80 milliseconds long 



Beep at power down 

none/20/40/80 milliseconds long 
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Beep at lowbattery 

none/20/40/80 milliseconds long 
interval 1/2/3 sec 
single/double beep 

5 Timeout functions: 

Time to power-down 

,5 to 128 sec in ,5 sec increments 

Delay until lock 

. 5 to 128 sec in • 5 sec increments 

10 Other functions: 

Power-on button resets lock cycle 
Power-on button resets peak detect 
Display degrees C / degrees F 
EEPROM "Calibrated" pattern to indicate 
15 that the device has been calibrated 

EEPROM checksum for a self-check by the 
processor 

Figs. 8A-8D provide a flowchart of the firmware 
stored in the microprocessor 73. From reset when 

20 the instrument is turned on^ the system is 

initialized at 110 and the contents of the EEPROM 
are read into memory in the microprocessor at 112. 
At 114, the processor reads the state of power and 
mode switches in the system. At 116, the system 

25 determines whether a mode switch 113 has placed the 
system in a self -test mode. If not, all eights are 
displayed on the four-digit display 82 for a brief 
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time. At 120^ the system performs all A-to-D 
conversions to obtain digital representations of the 
thermopile output and the potentiometer settings 
through multiplexor 76. 
5 The system then enters a loop in which outputs 

dictated by the mode switch are maintained. First 
the timers are updated at 122 and the switches are 
again read at 124. When the power is switched off, 
from 126 the system enters a power down loop at 128 

10 until the system is fully down. At 130, the mode 
switch is checked and if changed the system is 
reset. Although not in the tympanic temperature 
detector, some detectors have a mode switch 
available to the user so that the mode of operation 

15 can be changed within a loop. 

At 132, 136 and 140, the system determines its 
mode of operation and enters the appropriate scan 
process 134, lock process 138 or peak process 142. 
In a scan process, the system updates the output to 

20 tiie current reading in each loop. In a lock 

process, the system updates the output but locks 
onto an output after some period of time. In the 
peak process, the system output is the highest 
indication noted during a scan. In each of these 

25 processes, the system may respond to the programming 
from the EEPROM to perform any number of functions 
as discussed above. In the peak process which is 
selected for the tympanic temperature measurement, 
the system locks onto a peak measurement after a 

30 preset period of time. During assembly, the system 
may be set at a test mode 144 which will be 
described with respect to Fig. 8D. 
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In any of the above-mentioned modes ^ an output 
is calculated at 146. Then the system loops back to 
step 122. The calculation 146 is illustrated in 
Fig. 8B. 

5 At 148 in Fig. 6B, the raw sensor data is 

obtained from memory. The sensor offset taken from 
the EEPROM is subtracted at 150, and the ambient 
temperature previously obtained from the 
potentiometer RTl is accessed at 152. The 

10 temperature coefficient adjustment is calculated at 
154. At 156^ the sensed signal is multiplied by the 
gain from EEPROM and by the temperature coefficient. 
At 158, the fourth power of the ambient temperature 
is obtained, and at 160 it is added to the sensor 

15 signal. At 162, the fourth root of the sum is 
obtained through a lookup table. Whether the 
display is in degrees centigrade or degrees 
Fahrenheit is determined at 164. If in degrees 
centrigrade, a conversion is performed at 166. At 

20 168, adjustment values, including that from the 
potentiometer R4 , are added. 

Analog-to-Digital conversion is performed 
periodically during an interrupt to the loop of Fig. 
8A which occurs every two milliseconds. The 

25 interrupt routine is illustrated in Pig. 8C. Timer 
counters are updated at 170. A-to-D conversions are 
made from 172 only every 100 milliseconds when a 
flag has been set in the prior interrupt cycle. 
During most interrupts, an A/D conversion does not 

30 occur. Then, the 100-millisecond counter is checked 
at 174, and if the count has expired, a flag is Bet 
at 176 for the next interrupt. The flag is checked 
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at 178 and, if found, the display is updated at 180, 
The system then returns to the main loop of Fig. 8A. 

Where the 100 millisecond flag is noted at 172, 
an A-to-D conversion is to be performed. The system 
5 first determines at 182 whether a count indicates 
there should be a conversion of the thermopile 
output at 184 or a conversion of the the thermistor 
output at 186. The thermopile sensor conversion is 
performed nine out of ten cycles through the 
10 conversion loop. At 188, the system checks to 
determine whether a conversion is made from the 
potentiometer R4 or from the battery voltage divider 
Rl, R2 at 192. These conversions are made 
alternately. 

15 Fig. 8D illustrates the self -test sequence 

which is called by the mode switch 113 only during 
assembly. During the test, the beeper soxinds at 182 
and all display segments are displayed at 184, Then 
the system steps each character of the display from 

20 zero through nine at 186, The system then enters a 
test loop. At 188, the system senses whether the 
button 108 has been pressed. If so, a display 
counter is incremented at 190. The display for the 
unit then depends on the count of the display 

25 counter. With the zero count, the adjustment 
potentiometer value is displayed at 192. 
Thereafter^ if the display counter is incremented by 
pressing the button 108, the raw sensor data is 
displayed. With the next increment, ambient 

30 temperature is displayed at 196, and with the next 
increment, the raw output from the ambient 
temperature sensor RTl is displayed. With the next 
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increment, the battery voltage is displayed. After 
the test, the assembler sets the mode switch to the 
proper operating mode. 

While this invention has been particularly 
5 shown and described with references to preferred 
embodiments thereof, it will be understood by those 
skilled in the art that various changes in form and 
details may be made therein without departing from 
the spirit and scope of the invention as defined by 
10 the appended claims. 
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CLAIMS 



1. A tympanic temperature detector comprising; 

a housing adapted to be held by hand; 
an extension from the housing adapted to 
5 be inserted into an ear, the extension 

supporting a radiation sensor and having a 
window at the end thereof through which the 
sensor receives radiation from a tympanic 
membrane area; 
10 a temperature display on the housing for 

displaying tympanic temperature; and 

battery powered electronics in the housing 
for converting radiation sensed by the sensor 
to temperature displayed by the display. 

15 2- A tympanic temperature detector as claimed in 
Claim 1 wherein the radiation sensor is a 
thermopile mounted in and thermally coupled to 
a thermally conductive housing and a thermal 
barrier surrounds the housing, the outer 

20 thermal RC time constant for thermal conduction 

through the barrier to the housing is at least 
two orders of magnitude greater than the inner 
thermal RC time constant for temperature 
response of the cold junction and housing. 

25 3. A tympanic temperature detector as claimed in 
Claim 1 wherein the radiation sensor is a 
thermopile, the cold junction of which is 
allowed to follow ambient temperature. 
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4. A tympanic temperature detector as claimed in 
Claim 3 wherein the radiation sensor is a 
thermopile mounted within a thermal mass in the 
extension and having a junction thermally 
5 coupled to the thermal mass, a thermally 

conductive tube is coupled to the thermal mass 
for guiding radiation to the thermopile from an 
external target and a thermal harrier surrounds 
the thermal mass and tube, the outer thermal RC 

10 time constant for thermal conduction through 

the thermal barrier to the thermal mass and 
tube is at least two orders of magnitude 
greater than the inner thermal RC time constant 
for the temperature response of the cold 

15 junction to heat transferred to the tube and 

thermal mass through the thermal barrier. 



5, A tympanic temperature detector as claimed in 
Claim 2 or 4 wherein the inner thermal RC time 
20 constant is about 1/2 second or less. 



6. A tympanic temperature detector as claimed in 
any preceding claim wherein the sensor ia a 
thermopile mounted within a low conductivity 
gaseous environment, the environment extending 
25 through the length of a conductive tube which 

guides radiation to the thermopile. 
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A tympanic "temperature detector as ciaiitied in 
any preceding claim wherein the sensor is a 
thermopile mounted to a film suspended within a 
ring, the ring being supported on electrically 
conductive pins extending through an adjacent 
ring to the side of the film on which the 
thermopile is mounted, the film being spaced 
from the adjacent ring, the rings and 
thermopile being surrounded by a low 
conductivity gaseous volume, the radiation 
detector further comprising, the improvement 
wherein the space between the film and the 
adjacent ring through which the conductors 
extend is filled with thermally conductive 
material • 

A tympanic temperature detector as claimed in 
any of Claims 4-7 wherein: 

the thermopile is mounted within a low 
conductivity gaseous volume within a can; 

the thermal mass comprises an annular 
member which surrounds the can and a length of 
the tube adjacent to the can, the annular 
member being tapered about its outer periphery 
toward the tube, and a conductive plug 
positioned behind the can within the annular 
member, the can, tube, annular member and plug 
being bonded together by high thermal 
conductivity material; and 

the thermal barrier comprises a sleeve 
spaced from the thermal mass and tube, the 
sleeve being tapered toward the end of the tube 
away, from the can. 
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A tympanic temperature detector as claimed in 
any preceding claim which provides. a display of 
tympanic temperature within five seconds of 
inserting the extension into the ear, 

A tympanic temperature detector as claimed in 
any preceding claim wherein the radiation 
sensor is a thermopile and the window is 
positioned at the end of a waveguide tube 
integral with a can surrounding the thermopile, 
a low conductivity gaseous environment 
surrounding the thermopile within the can and 
extending through the length of the conductive 
tube. 

A tympanic temperature detector as claimed in 
any preceding claim further comprising a 
removeable plastic sheet stretched over the end 
of the extension. 

A tympanic temperature detector as claimed in 
Claim 11 wherein the sheet has holes at 
opposite ends thereof which are positioned over 
posts on the sides of the extension to retain 
the sheet on the extension. 

A typanic temperature detector as claimed in 
Claim 11 or 12 further comprising a tape of 
such plastic sheets / individual sheets being 
adapted to be torn from the tape to be 
stretched over the end of the extension. 



A tympanic temperature detector as claimed in 
any preceding claim wherein the extension 
extends about orthogonally from an intermediate 
extension which extends at an angle of about 15 
degrees from an end of the housing, the 
extension being curved outwardly along its 
length from its distal end. 

A tympanic temperature detector as claimed in 
any preceding claim further comprising a 
processor for providing the temperature 
displayed on the housing as a function of the 
received radiation compensated by an indication 
of ambient temperature to provide a core 
temperatixre approximation, 

A tympanic temperature detector as claimed in 
any of Claims 1-15 further comprising 
electronics for responding to radiation sensed 
by the sensor to drive the display, the 
electronics comprising : 

an optical signal detector for receiving a 
digital input; 

an electrically erasable programmable read 
only memory (EEPROM) ; and 

a processor programmed to respond to input 
from the optical signal detector to store 
information in the EEPROM and to use the stored 
information to respond to radiation sensed by 
the radiation sensor to drive the display. 
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A tympanic temperature detector as claimed in 
any of Claims 1-16 further comprising 
electronics for responding to the radiation 
sensed by the sensor to drive the display, the 
electronics comprising: 

an electrically erasable programmable read 
only memory (EEPROM); and 

a processor programmed to respond to a 
digital input to store information in the 
EEPROM^ the stored information being used by 
the processor to establish a range and 
incremental response of the display to sensed 
radiation. 

A radiation detector comprising: 

a housing adapted to be held by hand; 

an extension from the housing supporting a 

radiation sensor and having a window at the end 

thereof through which the sensor receives 

radiation; and 

a removeable plastic sheet stretched over 

the end of the extension. 

A radiation detector as claimed in Claim 18 
wherein the sheet has holes at opposite ends 
thereof which are positioned over posts on the 
sides of the extension to retain the sheet on 
the extension* 

A radiation detector as claimed in Claim 18 or 
19 wherein the plastic sheet is polyethylene 
reinforced at its ends. 



A radiation detector as claimed in Claim 18 ^ 19 
or 20 further comprising a tape of such plastic 
sheets, individual sheets being adapted to be 
torn from the tape to be stretched over the end 
of the extension. 

Disposable covers adapted to cover the tip of a 
medical instrument extension comprising a tape 
of transparent, flexible membrane segmented 
into individual covers by frangible lengths 
across the tapes, there being a hole, adapted 
to retain the cover on the extension, to each 
side of each frangible length. 

Disposable covers as claimed in Claim 22 
further comprising reinforcement to each side 
of each frangible length and through which the 
holes are formed. 

Disposable covers as claimed in Claim 22 or 23 
wherein the membrane is polyethylene. 

A method of covering a medical instrument 
extension with disposable covers comprising: 

providing a tape of transparent, flexible 
membrane segmented into individual covers by 
fraiigible lengths across the tape; 

removing an individual cover from the tape 
along a frangible length; and 

stretching the cover over the medical 
instrument extension and temporarily retaining 
each end of the cover on the medical 
instrument . 



! 
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26. A method as claimed in Claim 25 wherein the 
medical instrument is a tympanic temperature 
detector. 

27. A method as claimed In Claim 25 or 26 wherein a 
5 hole is provided to each side of each frangible 

length and the cover is retained on the 
instrument by positioning each hole on a 
retainer. 

28. A radiation detector comprising: 

10 a thermopile mounted within a thermal mass 

and having a junction thermally coupled to the 
thermal mass; 

a thermally conductive tube coupled to the 
thermal mass for guiding radiation to the 

15 thermopile from an external target; and 

a thermal barrier surrounding the thermal 
mass and tube; 

the outer thermal RC time constant for 
thermal conduction through the thermal barrier 

20 to the thermal mass and tube is at least two 

orders of magnitude greater than the inner 
thermal RC time constant for the temperature 
response of the cold junction to heat 
transferred to the tube and thermal mass 

25 through the thermal barrier. 

29. A radiation detector as claimed in Claim 28 
wherein the outer RC time constant is at least 
three orders of magnitude greater than the 
inner RC time constant. 
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A radiation deteGtor as claimed in Claim 2 8 or 
2 9 wherein the inner RC time constant is about 
1/2 second or less» 

A radiation detector as claimed in Claim 28, 29 
or 30 comprising a continuous low thermal 
resistance path from the end of the tube to the 
junction of the thermopile, 

A radiation detector as claimed in any of 
Claims 28-31 wherein the thermopile is mounted 
within a low conductivity gaseous environment 
which extends through the length of the 
conductive tube. 

A radiation detector as claimed in any of 
Claims 28-32 wherein the thermopile is mounted 
to a film suspended within a ring, the ring 
being supported on electrically conductive pins 
extending through, an adjacent ring to the side 
of the film on which the thermopile is mounted, 
the film being spaced from the adjacent ring, 
the rings and thermopile being surrounded by a 
low conductivity gaseous volume, the radiation 
detector further comprising the improvement 
wherein the space between the film and the 
adjacent ring through which the conductors 
extend is filled with thermally conductive 
material . 
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34. A radiation detector as claimed in any of 
Claims 2 8-33 wherein: 

the thermopile is mounted within a low 
conductivity gaseous volume within a can; 
5 the thermal mass comprises an annular 

member which surrounds the can and a length of 
the tube adjacent to the can^ the annular 
member being tapered about its outer periphery 
toward the tube, and a conductive plug 

10 positioned behind the can within the annular 

member, the can^ tube, annular member and plug 
being bonded together by high thermal 
conductivity material; and 

the thermal barrier comprises a sleeve 

15 spaced from the thermal mass and tube, the 

sleeve being tapered toward the end of the tube 
away from the can. 

35. A radiation detector as claimed in any of 
Claims 28-34 adapted to provide an indication 

20 of tympanic temperature, 

36. In a thermopile assembly comprising a 
thermopile mounted to a film suspended within a 
ring, the ring being supported on electrically 
conductive pins extending through an adjacent 

25 ring to the side of the film on which the 

thermopile is mounted, the film being spaced 
from the adjacent ring, and the rings and 
thermopile being surrounded by a low 
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conductivity gaseous volume ^ the improvement 
wherein the space between the film and the 
adjacent ring through which the conductors 
extend is filled with thermally conductive 
5 material . 

37. A radiation detector comprising a thermopile 
mounted within a can and a waveguide tube of 
lesser internal diameter than the can and 
integral with the can^ the tube having a window 

10 at a distal end thereof and directing radiation 

which passes through the window to the 
thermopile, a low conductivity gaseous 
environment being maintained about the 
thermopile within the can and through the 

15 length of the tube. 



wo 90/06090 



PCT/US89/05504 




FIG. 2A 



wo 90/06090 



PCr/US89/05504 




wo 90/06090 



PCr/US89/05504 




wo 90/06090 



PCr/US89/05504 




SUBSTITUTE SHEET 



wo 90/06090 



PCr/US89/05504 




9 



FIG. 7 



wo 90/06090 



PCr/US89/05504 




TEST DISPLAY 



A/D CONVERSION 



UPDATE TI MERS 




z 



128 



POWER DOWN LOOP 



RESET 



Z. 



134 



SCAN PROCESS 



138 



LOCK PROCESS 



142 



PEAK PROCESS 



TEST MODE 



144 



146- 



CALCULATE 
OUTPUT 



MAIN USE 



FIG. 8A 



wo 90/06090 



PCr/US89/05504 



146 



BEGIN 




GET SENSOR RAW MATERIAL 



I 



SUBTRACT SENSOR OFFSET 
1 



GET T AMBIENT 



CALCULATE TEMPCO 
ADJUSTMENT 



I 



MULTIPLY SENSOR SIGNAL 
BY GAIN 8 TEMPCO 



I 



GET (TAMBIENT)"* 



I 



ADD TO SENSOR SIGNAL 

i 



LOOK UP 4th ROOT 



164 




148 
.150 

152 
154 

156 

.158 
160 
162 



SUBTRACT 32 
DIVIDE BY 1.8 



166 



ADD ADJUSTMENT 
VALUE 

z 

RETURN 



168 



CALCULATE OUTPUT PROCEDURE 



FIG. SB 



wo 90/06090 



PCr/LIS89/05504 



BEGIN 




170 



UPDATE TIME 
COUNTERS 




172 



174. 



82 

FlEAT SENSORS ^ 
^^ONVERSIO 

' J86 



184 



SENSOR 
CONVERSION 



THRMISTOR 
CONVERSION 




,190 



Z . 



ADJUSTMENT 
POT CONV 



BATTERY VOLTAGE 
CONVERSION 



192 



/I 



176 



^^100 MS^\Y 
<1 EXPIRED 


SET 100 MS FLAG 








IN 






RESET 

lOOMS FLAG 










J80 







178 




A/D CONVERSION INTERRUPT SERVICE ROUTINE 



FIG. 80 



wo 90/06090 



PCT/US89/05504 



lojio 




TEST DISPLAY 
SEGMENTS 



TEST DISPLAY DIGITS 



READ PUSH BUTTON 




DISPLAY BATTERY 
VOLTS 



186 



.188 



190 



INCREMENT 
DISPLAY COUNTER 



192 



DISPLAY ADJUSTMENT 
POT VALUE 



194 



DISPLAY RAW 
SENSOR DATA 



196 



DISPLAY AMBIENT 
TEMPERATURE 



98 



DISPLAY RAW 
AMBIENT 



SELF TEST 



FIG. 8D 



INTERNATIONAL SEARCH REPORT 

Inttrnationtl Application No PfT/HS 89/05504 

K CLASSIFICATION OF. SUKJECT WIATTER (if several clasaincation lymoois apply, indicate all) * 

According to Intvrnational Patant CUsaification (IPC) or to both National Claaaification and IPC 

IPCS: A 61 B 19/02, G 01 J 5/12 



n. FIKLOS SEARCHgD 

.''Minimum Oocumantation Scarchao ^ 
Claaaification Syatam { Claaaification Symbola 



IPCS i A 61 B. G 01 J. G 01 K 

Docunwntation Srarchad othar than Minimum Oocumantatlen 
to tha Eitant tn«t such Documanta ara Ineludad In tha nalda Saarehad 



lit. DOCUMENTS CONSIDERED TO BE RELEVANT* 



Cataoory * 



Citation of Document, " with Indication, whara apprepriala, of tha ralavant paaaaqaa ** 



Ralavant to Ciiim No. «* 



US, A, 3282106 (R.B. BARNES) 1 November 1966, 
see the whole document 



6B, A, 1425765 (A. SCHILLER) 18 February 1976, 
see the whole document 



EP. A2, 0092535 (MINITUBE AKTIEBOLAG) 
26 October 1983, 
see the whole document 



I. 9 

II, 13, 
18,21, 
25,26 



11,18 



11,13, 
18.21, 
25,26 



* Spacial cataoeriaa of citad documanta: 

"A** documant dafinjna tha ganaral atata oi tha art whrch ia not 
conaidarad to ba of particular ralavanca 

aariiar documant but pubiiahad on or aftar tha Intarnational 
filing data 

"t" documant which may throw doubts on priority c(alm(s) or 
which la cttad to aatabiiah the publication data of anotnar 
citation or oihar spvciaJ raason (aa apactflad) 

"O** documant rafarring to an oral discloaura, uaa, aihlbltion or 
othar maana 

"P" documant oublithad prior to tha intarnational filing data but 
latar than tha priority data ciatmad 



"T" latar documant pubtlthad afttr tfia intarnational filing data 
or priority data and not In conflict with tha application but 
citad to understand tha principia or theory underlying the 
invention 

"X** document of particular relevance: the claimed invention 
cannot ba conaidarad novel or cannot ba conaidarad to 
Involve an Inventive atap 

document of particular relevance; the claimed Invention 
cannot ba considered to involve an inventive step when the 

document ia combined with one or more other auch docu- 
manta, auch combination being obvious to a peraon akiilad 
in the art. 

"A** documant mambsr o1 the same patent family 



Data of tha Actual Compiation of the International Search 

21st March 1990 


Data ot Mailing of thla Raport 


tnlernational Saarching Authority 

EUROPEAN PATENT OFFICE 


T.K. WlUdS 



Form PCT/lSA/210 f second ahaet) (January 1M5) 



lntom.ll.Ml AppH»«.n N.. pQJ/^J^ 89/05504 



in. DoeuMKNTB eoHsioimo to u reuvant <eeNTiNuiD from thb neoND aHnn 


C.t.ganr*[ ctalian of Ooeunnwii, wtth indieaUen. «#iw« appreprtUa. of Hw ral*v«nt pMiagM 


1 Ratmant to Claim No 


Y 
X 


EP, A2, 0201790 (INTELTIGENT MEDICAL SYSTEMS) 
20 November 1986, see figures 1-10; 
claims 1-10 


11,13 

18,21, 
25,26 


A 


US. A 4602642 (G J O'HARA ET AH 
29 July 1986, see abstract; 
figures 1-19 

Dokument citet fn the application 


1,18,22. 

25,28. 

36,37 


A 


US, A, 4784149 (H.L. BERMAN ET AL) 
15 November 1988, see abstract; 
figures 1-8 


1 18 2? 

25.28, 

35,37 


A 


US, A, 4722612 (K-G. JUNKERT ET AL) 
2 February 1988, see abstract; 
figures 1-5 


18 28 
36 


A 


US, A, 4456390 (K.6. JUNKERT ET AL) 
26 June 1984, see abstract; 
figures 1-4 


18 28 
36 


A 


US, A, 4566808 fF POMPEII 28 Januarv 1986 
see column 4, line 25 - column 5, 
line 2; figure 5 


18,28 


A 


US, A, 4635091 (F- POMPEI ET AL) 
13 January 1987, see column 4, 
line 63 - column 6, line 26; 
figures 1-5 


18.28 


A 


US, A, 2658390 (R.C. MACHLER) 10 November 1953, 
see column 2, line 52 - column 4, 
Tine -68; figure 1 


18.28 



Form PCT/|SAi210 (axtra shaat) (January 19«9) 



International Application No. 



PCT/US 89/05504 



III. DOCUMINTS CONSIDIIIEP TO Bl RfUEVAliT (CONTINUIO FROM THl SECOND SHEIT) 



Catagory* 



Citation of Docunwnt with indtartlon. whw» appropri«to. of tho folovant paaaagoa 



ftatavaAt to Claim No 



DE, B2, 1914468 (SIEMENS AG) 12 November 1970, 
see column 4, line 8 - line 45; 
figure 2 



US, A, 4005605 (D.S. MICHAEL) 1 February 1977, 
see abstract; figures 1,2 



18,28 



18,28 



Form PCT/iS A/210 (txtra ahaat) (Jairaary IMS) 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. PCT/US 89/05504 



SA 33234 

This annex lists the patent family m cmliet i c relalini* to the patent documents ciCeil m the above-mentiDneH tnternatteaal search report. 

The membene are as contanwd in the Rurapean I'atent Olllce IP file en 28/02/90 

The Raropean Patent Office is in no wajr liable Tor these pnrtltalars which are merdf civen for the purpose oi mTormation. 



Patent document 
cited ra search report 


PubficBtinn 
date 


Patent family 
nicmhci (s^ 


PnhReallea 
date 


US-A- 


3282106 


Ui/Il/bo 


NONE 






GB-A- 


1425765 


XO/U2//0 


CH-A- 
DE-A- 


535426 
2322208 


31/03/73 
22/11/73 


EP-A2- 


0092535 


26/10/83 


DE-A- 

SE-B-C- 

SE-A- 

US-A- 

WO-A- 


3377461 
442063 
8202377 
4652145 
83/03671 


01/09/88 
25/11/85 
16/10/83 
24/03/87 
27/10/83 


EP-A2- 


0201790 


20/11/86 


JP'A- 
US-A- 


61263438 
4662360 


21/11/86 
05/05/87 


US-A- 


4602642 




EP-A- 
JP-A- 
US-A- 
US-A- 


0180368 
61117422 
4662360 
4790324 


07/05/86 
04/06/86 
05/05/87 
13/12/88 


US-A- 


4784149 


15/11/88 


NONE 






US-A- 


4722612 


02/02/88 


NONE 






US-A- 


4456390 


26/06/84 


DE-A- 

GB-A-B- 

JP-A- 


3239194 
2107862 
58131524 


05/05/83 
05/05/83 
05/08/83 


US-A- 


4566808 


28/01/86 


CA-A- 


1222886 


16/06/87 


US-A-' 


4636091 


13/01/87 


NONE 






US-A- 


2658390 


10/11/53 


NONE 






DE-B2- 


1914468 


12/11/70 


NONE 






US-A- 


4005605 


01/02/77 


NONE 









For more details about this annex : see Official Journal of the Ftiropean Patent Office, No. I2/R2 



